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Description 

BACKGROUND OF THE INVENTION 

5 (1) Field of the Invention 

[0001] This invention relates to a non-aqueous cell comprising, in a cell case, a positive electrode having a positive 
electrode active material composed of lithium cobalt oxide, a negative electrode, and an electrolyte. 

10 (2) Description of the Prior Art 

[0002] In recent years, lithium ion cells have attracted attention as high capacity batteries. In such lithium ion cells, 
lithium cobalt oxides and lithium manganese oxides are used as a material for the positive electrode, and alloys or 
carbon materials are used for a negative electrode active material thereof. Such lithium ion cells, however, have such 
15 drawbacks that, as charge-discharge cycles are repeated, a charge and discharge capacity and a charge and discharge 
efficiency are degraded. 

[0003] Japanese Patent Publication No. 63-59507, for example, discloses a non-aqueous electrolyte cell in which 
Li x M y 0 2 ('M' consists of Ni or Co, x < 0.8, and y = 1 ) is used as a positive electrode active material and a lithium metal 
is used for the negative electrode, and this cell exhibits a high electromotive force of 4 V or higher and a high energy 

20 ■ density. However, this cell as well has such drawbacks that a charge and discharge capacity is susceptible to degrading, 
and so forth. The reasons for such drawbacks seem to be that an irreversible change occurs in part of the crystal 
structure of the positive electrode active material, causing deterioration in the capability of absorbing and releasing 
lithium ions, and that decomposition of the electrolytic solution or the like is caused by overcharge and overdischarge 
that exceed an appropriate electric potential range, inducing a shortage of the electrolytic solution, undesirable effects 

25 by the decomposed matter, and so forth. In view of this drawback, a technique to replace part of the crystal of the 
positive electrode active material with other types of metallic elements has been suggested as a means to prevent 
such undesirable phenomena from occurring. 

[0004] For example, Japanese Unexamined Patent Publication Nos. 4-329267 and 5-1 3082 disclose a battery using 
a positive electrode active material in which a titanium compound is added to a lithium cobalt oxide in a state of solid 
30 solution. 

[0005] In addition, Japanese Unexamined Patent Publication No. 4-31 9260 discloses a battery using a positive elec- 
trode active materiahin which a zirconium is added to a lithium cobalt oxide in a state of solid solution. - 
[0006] Also, Japanese Unexamined Patent Publication No. 4-253162 discloses a battery using a positive electrode 
active material in which a one element selected from lead, bismuth, and boron is added to a lithium cobalt oxide in a 
35 state of solid solution. 

[0007] The techniques as listed above can improve the problems as described above, but on the other hand, they 
induce other drawbacks, such that an initial capacity of the cell is reduced, and that a temperature at which the positive 
electrode active material starts to generate heat is lowered and thereby safety of the cell is degraded: 
[0008] As portable appliances such as portable computers and mobile phones have increasingly become popular in 

40 the market, a need for a cell having an excellent low-temperature cycle characteristic and increased safety is accord- 
ingly growing. In addition, in order to further reduce sizes and weight of batteries, a thin type sealed cell in which a 
power generating component is enclosed in a cell case composed of a flexible and lightweight laminated material (such 
a cell case is hereinafter also referred to as a "laminated container") has been developed. However, such a laminated 
container has a small strength against a cell internal pressure, and therefore easily expands when an internal gas is 

45 formed in the cell, causing problems such as deformation of the cell, leakage of the electrolyte, and rupture of the cell. 
For this reason, particularly in such a thin type cell, a positive electrode active material that can reduce an internal gas 
formation is desired. 

SUMMARY OF THE INVENTION 

50 

[0009] In view of the foregoing problems and drawbacks in prior art, it is an object of the present invention to provide 
a non-aqueous electrolyte cell having a high working voltage, excellent low-temperature discharge characteristics, a 
reduced internal gas generation, and an increased safety. 

[001 0] This and other objects are accomplished in accordance with the present invention, by providing a non-aqueous 
55 electrolyte cell comprising in a cell case a positive electrode having a positive electrode active material composed of 
a lithium cobalt oxide, a n gative I ctrode, and an electrolyt comprising a non-aqu ous solvent, 

the positiv electrod active material comprising a Ti-attached LiCo0 2 in which a particle of a titanium and/or a 
titanium compound is attached on a surface of a particl of the lithium cobalt oxid . 
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[0011] In the Ti-attached LiCo0 2 having such a configuration as described above, titanium particles and/or titanium 
compound particles are attached on at least a surface of lithium cobalt oxide, and the titanium particles and/or titanium 
compound particles serv to d compos a film deriv d from the non-aqueous solvent (th film is formed such as to 
surround the positive electrode active material), or to facilitate the exfoliation of the formed film. Therefor , according 

5 to the configuration as described above, degradation of discharge performance caus d by a poor ionic conductivity 
can be suppressed, and consequently a significant decrease in discharge capacity under low temperature can be 
avoided. Note here that in the case of prior art positive electrode active materials, a surface of the positive electrode 
active material is surrounded by a film derived from a non-aqueous solvent, inhibiting the contact between the active 
material particles and the electrolyte. Therefore, in the case of priorart positive electrode active materials, the discharge 

10 performance is significantly degraded under a low temperature environment of 0 °C or lower, where the ionic conduc- 
tivity is low. 

[0012] Moreover, according to the configuration as described above, not only do the titanium particles and/or titanium 
compound particles, which are present on the surface of the lithium cobalt oxide, serve to facilitate the charge-discharge 
reaction, but also serve to inhibit decomposition of the electrolytic solution, thereby suppressing formation of internal 

15 gas. 

[0013] Furthermore, the Ti-attached LiCo0 2 has a higher temperature point at which heat is generated, when com- 
pared to titanium-lithium cobalt oxide in a form of solid solution. Therefore, by employing the Ti-attached LiCo0 2 , it is 
made possible to provide a cell having an improved safety compared to the case where the titanium-lithium cobalt 
oxide in a form of solid solution is employed. 
20 [0014] In the above-described configuration of the non-aqueous electrolyte cell, it is preferable that a mole ratio in 
the Tl-attached LiCo0 2 of the titanium and/or the titanium compound to the lithium cobalt oxide be in the range of from 
0.00001 to 0.02, and more preferably be in the range of from 0.00001 to 0.01 . 

[0015] When the mole ratio x is restricted to be 0.00001 ^ x ^ 0.02, a working voltage and a discharge capacity at 
a low temperature of 0 °C or below can be remarkably increased without substantially decreasing a discharge capacity 

25 at room temperature. Moreover, when the mole ratio (x) is restricted to be 0.00001 ^ x ^ 0.01, the decrease of the 
discharge capacity at room temperature can be further lessened, and thus the low-temperature discharge character- 
istics are further improved. It is noted here that if the mole ratio x is less than 0.00001, the low-temperature discharge 
characteristics cannot be sufficiently improved. If the mole ratio x is more than 0.02, no further improvement in the tow- 
temperature discharge characteristics is observed, and the discharge characteristics under room temperature are de- 

30 teriorated. Hence, the mole ratio x is preferable to be 0.00001 ^xi 0.02, and more preferably be 0.00001 ^ x ^0.01 . 
[001 6] Further, in the above-described configuration of the non-aqueous electrolyte cell, the titanium compound may 
be'titariium"oxide^ahd/or lithium^ 

by the titanium compound. An example of the lithium-titanium complex oxide includes a lithium titanium oxide. 
[0017] Further, in the above-described configuration of the non-aqueous electrolyte cell, the electrolyte may contain 

35 a mixed solvent composed mainly of ethylene carbonate. 

[0018] Ethylene carbonate has a high permittivity and therefore is an ideal non-aqueous solvent. In addition, a film 
derived from the ethylene carbonate is easily decomposed by the catalytic action by titanium, and therefore it is unlikely 
to result in such a film that inhibits the contact between the positive electrode active material and the electrolyte. Hence, 
when a cell uses an electrolyte comprising a mixed solvent composed mainly of ethylene carbonate, transfer of ions 

40 at the interface of the positive electrode active material is performed smoothly, thus effectively preventing the discharge 
performance in a low temperature range from deteriorating. 

[001 9] Further, in the above-described configuration of the non-aqueous electrolyte cell, the electrolyte may contain 
an imide salt represented by the structural formula LiN(S0 2 C 2 F 5 )2. 

[0020] LiN(S0 2 C 2 F 5 ) 2 does not generates much hydrogen fluoride (HF), and therefore, the effect of the side reaction 
45 derived from LiN(S0 2 C 2 F 5 ) 2 is little, thus making it possible to reduce the amount of generated gas under a state of 
a high electric potential or a high temperature. 

[0021] In the above-described configuration of the non-aqueous electrolyte cell, the electrolyte may comprise a mixed 
solvent containing ethylene carbonate and diethyl carbonate. 

[0022] Ethylene carbonate and diethyl carbonate exhibit a high degree of chemical stability. Therefore, by employing 
50 a mixed solvent containing these solvents as an electrolyte component, the amount of generated gas can be reduced. 
In particular, when the electrolyte comprises the mixed solvent containing these solvents and, as an electrolyte salt, 
LiN(S0 2 C 2 F 5 ) 2 , the amount of generated gas can be remarkably reduced. 

[0023] In the above-described configuration of the non-aqueous electrolyte cell, the electrolyte may be a gel type 
solid polymer electrolyte. 

55 [0024] Generally, ionic conductivity at the interface of the positive electrode active material declines as a temperature 
goes down, and this tendency becom s mor appar nt in the case of gel type electrolyt s. Howev r, as pr viously 
mentioned, when a cell employs th Ti-attached LiCo0 2 in which titanium oxide or the lik is added to lithium cobalt 
oxide, titanium oxide or the like serv s to facilitate th transfer of ions at the interfac of the active material particl s, 
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thereby preventing a significant decrease in the discharge capacity in a low temperatur range. H nc , the advanta- 
geous effects by mploying the Ti-attached LiCo0 2 as a positive electrod activ material are more apparent in the 
case of a cell employing a gel type solid polymer electrolyte. 

[0025] In th above-described configuration of the non-aqueous lectrolyte cell, the cell case may be composed of 

5 a laminated material in which an aluminum film and a resin film are laminated. 

[0026] Since such a laminated material is lightweight and flexible, thin and lightweight sealed cells can be efficiently 
manufactured by employing a cell case composed of a laminated material. However, such a cell case has such draw- 
backs that such a case can be easily deformed in the case where a cell internal pressure is generated, resulting in 
leakage of the electrolyte and rupture of the cell. By using the Ti-attached LiCo0 2 as a positive electrode active material, 

10 such drawbacks of the cell case composed of a laminated material can be overcome. In the case of the cell case 
composed of a laminated material, it is more preferable that the cell employs Ti-attached LiCo0 2 as a positive electrode 
active material, and an electrolyte comprising a mixed solvent containing LiN(S0 2 C 2 F 5 )2 and ethylene carbonate. With 
this configuration, as has been described above, the amount of generated internal gas is remarkably reduced, and 
. . therefore, the rupture ofthe cell or the leakage ofthe electrolyte does not occur easily even when the cell case composed 

15 of a laminated material is employed. In other words, this configuration achieves a thin type sealed cell having excellent 
reliability and safety. 

[0027] In addition, in all the above-described configurations of the non-aqueous electrolyte cell, the negative elec- 
trode active material may be a graphite capable of absorbing and releasing lithium ions. 

[0028] The negative electrode employing a graphite as an active material can achieve a larger discharge capacity 
20 than a negative electrode using coke can, particularly under low-temperature. • r 

[0029] The non-aqueous electrolyte cell according to the present invention can be produced by a method of producing 
a non-aqueous electrolyte cell comprising in a cell case a positive electrode having a positive electrode active material 
/composed of a lithium cobalt oxide, a negative electrode; and an electrolyte comprising a non-aqueous solvent, the 
^method comprising the step of: - - • 

25 • - producing a positive electrode active material by preparing a Tiattached lithium cobalt oxide in which a titanium oxide - 
particle and/or a metallic titanium particle is attached on a surface of a lithium cobalt oxide particle, such that a lithium 
cobalt oxide powder is mixed with a titanium oxide powder and/or a metallic titanium powder, and thereafter the mixture 
i\s baked. 

[0030] It is to be noted here that the Ti-attached lithium cobalt oxide of the present invention is intended to represent 
30 such a substance that a titanium particle and/or a metallic titanium particle is attached to or bonded with the surface 

of a lithium cobalt oxide particle, which is a main substance of the positive electrode active material. According to the 
* above^escrib^Wethodrsuc 

[0031] In the above-described method, a lithium-titanium complex oxide may be used in place of the titanium oxide 

powder and/or the metallic titanium powder. 
35 [0032] In addition, the above-described producing method may be such a method as in the following. Specifically, 

the step of preparing a positive electrode active material may comprise the steps of 

preparing a titanium-compound-mixed cobalt oxide by baking a cobalt oxide powder and a titanium oxide powder 
and/or a metallic titanium powder, 
40 . crushing and grinding the titanium-compound-mixed cobalt oxide into a powdered state, 

preparing a Tl-attached lithium cobalt oxide in which a particle of titanium oxide and/or metallic titanium is attached 
on a surface of each lithium cobalt oxide particle, by mixing the powdered titanium-compound-mixed cobalt oxide 
with at least one lithium compound selected from the group consisting of lithium hydroxide, lithium carbonate, and 
lithium nitrate, and then baking the mixture. 

45 

[0033] According to such a method comprising these steps, Tt-attached LiCo0 2 can be produced with a low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0034] For a more complete understanding of the present invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction with the accompanying drawings, in which: 

Fig. 1 is a graph illustrating the relationship between a cell voltage and a discharge capacity in a cell A1 of the 
present invention and a comparative cell X1 ofthe comparative example. 
55 Fig. 2 is a graph illustrating the relationship between a cell voltage and a discharge capacity is a cell A2 of the 

pr sent invention and a comparativ cellX2ofth comparative exampl . 

Fig. 3 is a graph illustrating the relationship between a ceil voltage and a discharg capacity is a c II A3 of the 
present invention and a comparativ cell X3 of the comparative xample. 
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Fig. 4 is a DTA chart for a positive el ctrode activ material used for the cell A1 of th present inv ntion and that 
used for th comparativ cell X1 of the comparative xample. 

Fig. 5 is a graph illustrating the relationship betw en a mol ratio x and a discharge capacity of a positive active 
material per unit w ight (at 25 °C). 
5 Fig. 6 is a graph illustrating the relationship between a mol ratio x and a discharge capacity of a positiv activ 

material per unit weight (at 25 °C) 

Fig. 7 is a graph illustrating the relationship between a mole ratio x and a discharge capacity at -10 °C. 
- Fig. 8 is a graph illustrating the relationship between a mole ratio x and a discharge capacity at -10 °C. 
Fig. 9 is a graph illustrating the relationship between a mole ratio x and a discharge capacity at -20 °C. 
10 - Fig. 1 0 is a graph illustrating the relationship between a mole ratio x and a discharge capacity at -20 °C. : 

Fig. 11 is a graph illustrating the relationship between a cell voltage and a discharge capacity in a cell B of the 
i present invention and a comparative cell X of a comparative example. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

■15 

EXAMPLE 1 

Preparation of Positive Electrode 

20 [0035] A lithium cobalt oxide having a particle diameter of 2- 1 0 u.m was mixed with a titanium oxide having a particle 
diameter of 5 urn or less so that a mole ratio x of the titanium to the lithium cobalt oxide (hereinafter referred to as a 
' "mole ratio x") became 0.01 . Thereafter, the mixture was baked at 800 °C in an atmosphere in which a partial pressure 
of oxygen is restricted at 1 0- 30% (an oxygen partial pressure restricted atmosphere), and then cooled down to a room 
temperature. Thereafter, the baked material was crushed and ground to form a positive electrode active material in a 

25 . powdered state. An average particle diameter of the formed positive electrode active material was 3- 15 jim. 

[0036] Following this, the positive electrode active material, a carbonic conductivity enhancer, a graphite, and a 
fluoride resin type binder were mixed with a ratio of 90 3 : 2 : 5 respectively, and a positive electrode mixture was thus 
prepared. The prepared positive electrode mixture was coated onto both sides of an aluminum foil and then dried, and 
r - the coated foil was rolled. Thus, a positive electrode was prepared. 

30 : [0037] It is noted that, in mixing the lithium cobalt oxide and titanium oxide, a method such that a mixture is uniformly 
mixed with a high mixing ratio at the initial stage and gradually the ratio of dilution is raised (so-called a masterbatch 
— method) was employedrThis method permits a homogeneous mixing of titanium oxide even when the amount of the 
titanium oxide is very small. In addition, although titanium oxide T10 2 was used in this example, other titanium com- 
pounds may be used for in place of the titanium oxide, and metallic titanium may also be used. 

35 , .* 

Preparation of Negative Electrode : 

[0038] A graphite (interlayer distance d 002 = 3.35- 3.37 A) was used as a negative electrode active material, and an 
appropriate amount of a fluoride resin as a binder was add to the graphite, and the material was mixed to form a 
<o negative electrode mixture. The negative electrode mixture was then coated onto both sides of a copper foil and then 
dried, and the coated foil was rolled. Thus, a negative electrode was prepared. «>' 

Assembling of Cell 

45 [0039] A lead was attached to each of the positive and negative electrodes prepared according to the above-de- 
scribed manner, and a separator made of polypropylene was sandwiched between the positive and negative electrodes. 
The electrodes and separator were coiled in a spiral form to prepare a spirally-wound electrode assembly. The spirally- 
wound electrode assembly was placed into a cell case made of steal. Thereafter, the cell case was filled with an 
electrolytic solution, and the opening of the cell case was sealed. Thus, a cell A1 of Example 1 according to the present 

50 invention was prepared. The cell capacity of this cell A1 was 480 mAh. 

[0040] The above-mentioned electrolytic solution was such that lithium hexaflorophosphate (LiPF 6 ) was dissolved 
in a mixed solvent of an equal volume of ethylene carbonate (EC) and diethyl carbonate (DEC), so that a ratio of the 
LiPF 6 is 1 mol/liter. 

55 EXAMPLE 2 

[0041] A cell A2 of Example 2 according to th pr s nt invention was pr par d in the same manner as in Example 
1, except that cok (interlayer distance d C02 = 3.40-3.45 A) was employ d as a negativ electrode activ material in 
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place of the graphite used in Example 1. 
EXAMPLE 3 

5 [0042] A cell A3 of Example 3 according to the present invention was prepar d in the sam manner as in Example 
1, except that coke was employed as a negative electrode active material in place of the graphite used in Example 1, 
and that a mixed solvent of an equal volume of propylene carbonate (PC) and diethyl carbonate (DEC) was employed 
in place of the mixed solvent of an equal volume of ethylene carbonate (EC) and diethyl carbonate (DEC). 

10 EXAMPLE 4-7 

[0043] Cells A4 to A7 of Examples 4 to 7 according to the present invention were prepared in the same manner as 
in Example 1, except that the mole ratios x were set to be 0.00001, 0.0001, 0.02, and 0.03 respectively. 

15 COMPARATIVE EXAMPLE 1 

[0044] A comparative cell X1 of Comparative Example 1 was prepared in the same manner as in the above-described 
Example 1 , except that the mole ratio x was set to be 0 (no titanium oxide was added). 

20 COMPARATIVE EXAMPLE 2 

[0045] AcomparativecellX2ofComparativeExample2waspreparedinthesamemannerasintheaboveKJescribed 
Comparative Example 1 , except that coke was employed as a negative electrode active material in place of the graphite 
used in Comparative Example 1. 

25 

COMPARATIVE EXAMPLE 3 

[0046] A comparative cell X3 of Comparative Example 3 was prepared in the same manner as in the above-described 
Comparative Example 1 , except that coke was employed as a negative electrode active material in place of the graphite 
30 used in Comparative Example 1 , and that a mixed solvent of an equal volume of PC and DEC was employed in place 
of the mixed solvent of an equal volume of EC and DEC. 



COMPARATIVE EXAMPLE 4 

35 [0047] A comparative cell X4 of Comparative Example 4 was prepared in the same manner as in the above-described 
Example 1 , except that titanium was inserted in LiCoC^ to form a solid solution. 

[0048] Specifically, the positive electrode active material was prepared according to the manner described in Japa- 
nese Unexamined Patent Publications 4-329267 and 5-13082, such that by using a titanium coupling agent, titanium 
was added to lithium cobalt oxide to form a solid solution. The resulting solid solution is a complex oxide represented 
40 as LiCo^xTlxOj. 

COMPARATIVE EXAMPLE 5- 7 

[0049] Comparative cells X5, X6, and X7 of Comparative Examples 5, 6, and 7 were prepared in the same manner 
45 as in the above-described Example 1 , except that the mole ratios x were set to be 0.05, 0.1 , and 0.000001 (1 x 10- 6 ) 
respectively. 

EXPERIMENT 1 

50 [0050] The cells A1 -A3 of the present invention and the comparative cells X1 -X3 were subjected to a constant current 
charge and discharge test at temperatures of -20 °C, -10 °C, 0 °C, and 25 °C. The results are shown in Figs. 1-3. The 
conditions of the charge and discharge were that the cells were first charged at a charge current of 480 mA (1 C) until 
an end-of-charge voltage of 4.1 V was reached, and thereafter the cells were discharged at a discharge current of 480 
mA (1C) until an end-of-discharge voltage of 2.75 V was reached. 

55 [0051] It will be understood from Figs. 1- that, in the comparison between the cells of the present invention, the 
discharge characteristics thereof ar ranked as A1>A2>A3. In addition, from the comparison of the cell A1 with th 
comparativ cell X1 in Fig. 1 , and the comparison of the cell A2 with the comparativ cell X2 in Fig. 2, it will be understood 
that, in the c lis of th pr sent invention, in which titanium oxide powd r is mixed in the positive electrode, working 
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voltages (cell voltage) In a low temperatur range of -20 °C to 0°C are remarkably improved ov r those of the com- 
parative c lis, in which no titanium oxide is used. 

[0052] Further, from th comparison of Figs. 1 and 2 (in which th lectrolytic solution is EC/DEC) with Fig. 3 (in 
which the lectrolytic solution is PC/DEC), it will be understood that low-temperatur discharg characteristics ar 
5 remarkably improv d in a system employing an el ctrolytic solution containing thyl ne carbonate (EC), while very 
little improvement in the low-temperature discharge characteristics is observed in a system employing an electrolytic 
solution containing PC. 

[0053] These results are considered to be attributed to the following reasons. In a cell in which a lithium cobalt oxide 
is used for the positive electrode active material and a solution containing such materials as EC and PC is used for 

10 the electrolytic solution, when a charge-discharge cycle is repeated, a film derived from decomposed materials and 
polymerized materials is formed on the surface of the positive electrode particles, and this film acts such that it hinders 
the transfer of electrons and ions on the surface of the active material particles. Thereby, a discharge performance is 
considerably degraded in a low temperature range, in which an ionic conductivity is low. However, in a positive electrode 
according to the present invention, in which titanium powder or titanium compound powder is mixed with a lithium 

15 cobalt oxide as a positive electrode active material, titanium or titanium compound particles are present on the surface 
of lithium cobalt oxide particles, and they function as a catalyst to promote decomposition or exfoliation of the film. 
That is to say, according to the present invention, the film is not easily formed on the surface of the particles of the 
positive electrode active material, and thereby it is made possible to greatly suppress the degradation of a working 
voltage in a low temperature range, in which an ionic conductivity is low. 

20 [0054] However, such an effect of the titanium compound particles as a catalyst cannot be sufficiently exhibited for 
a film derived from PC. Therefore, it is considered that the improvement in discharge characteristics becomes small 
in the case of the electrolytic solution containing PC. 

[0055] It is a well-known fact that when PC is used in a cell employing graphite as a negative electrode active material, 
graphite is decomposed by the charging and discharging operation. For this reason, the results of the experiment 
25 regarding such a cell employing a graphite negative electrode and PC are not shown herein. 

[0056] In the above-described examples 1 through 7, Ti-attached LiCo0 2 was prepared by using titanium oxide 
powder and lithium cobalt oxide powder. In addition to this, the Ti-attached LiCo0 2 was produced by the methods (1) 
and (2) described below, and it has been confirmed that the same effects as described above are also obtained in the 
cells employing Ti-attached LiCo0 2 prepared by the methods (1) and (2) below. 

30 . 

(1 ) A titanium oxide powder with a particle diameter of 5 u.m or less was mixed with a cobalt oxide powder with an 
average-particle-diameter ^of-2— 10 ^imrand-thereafterrthe-mixture was baked at 600 °Cin an^atmosphererThen~ 
the baked material was cooled down, and crushed and ground to prepare a titanium-compound-mixed cobalt oxide 
powder. Thereafter, the titanium-compound-mixed cobalt oxide powder was mixed with LiOH as a lithium source, 

35 and the mixture was baked at 800 °C in an atmosphere in which a partial pressure of oxygen is restricted at 10- 

30% (an oxygen partial pressure restricted atmosphere). Thereafter, the baked matter was gradually cooled down 
to a room temperature, and then crushed and grounded. Thus, a Ti-attached LiCo0 2 having a particle diameter . 
of approximately 3- 15 u,m was produced, 
t (2) A lithium-titanium complex oxide was mixed with a lithium cobalt oxide, and thereafter the mixture was baked 

40 at 800 °C in an oxygen partial pressure restricted atmosphere, then gradually cooled down to a room temperature, 

and then crushed. Thus, a Ti-attached LiCo0 2 having a particle diameter of approximately 3- 15 um was produced. 

EXPERIMENT 2 

45 [0057] Regarding the cell A1 of the present invention and the comparative cell X4 (a cell employing, for the positive 
electrode active material, a complex oxide in which part of cobalt is substituted by titanium), 5 mg of the positive 
electrode active material was collected from each of the cells after the cells were fully charged. Then, 2 ml of EC was 
added to each of the collected positive electrode materials, and each of the samples was hermetically sealed into a 
DTA sample cell. The sample cells were subjected to a differential thermal analysis (DTA). The results are shown in 

so Fig. 4. 

[0058] As apparent from Fig. 4, a temperature at which an exothermic reaction starts in the cell was lower in the 
positive electrode active material used in the comparative ceil X4, compared to the positive electrode active material 
of the cell A1 of the present invention. This indicates that the positive electrode active material in which titanium is 
present in lithium cobalt oxide in the state of solid solution has a possibility of starting fire at a much lower temperature. 
55 Therefore, a cell employing such an active material has a lower degree of safety. 

[0059] By contrast, th DTA chart of the cell A1 resulted in the sam as the DTA chart of lithium cobalt oxid per se 
(not shown), and this confirms that no such phenom non that a starting point of an xothermic reaction is shifted to a 
lower temp ratur sid by addition of titanium oxide, occurred in the cell A1. This shows that a method of attaching 
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titanium particles to lithium cobalt oxid is superior to a method of making a solid solution of lithium cobalt oxid and 
titanium from the viewpoint of safety of a cell. Note that it has be n confirmed by an experiment that th sam results 
as described abov can b obtained when the mole ratio x is within th rang of 0.00001 ^ x < 0.05, although it is not 
shown in Figs. 1 to 4. 

5 

EXPERIMENT 3 

[0060] Nine types of positive electrodes were prepared from nine types of positive electrode active materials each 
having a mole ratio x of 0, 0.000001 (1X10" 6 ), 0.00001 (1x10- 5 ), 0.0001 (1X10- 4 ), 0.01 (1x10' 2 ), 0.02 (2X10" 2 ), 0.03 
10 (3X10- 2 ), 0.05 (5x10-2), or 0.1 (1 X10-1). Each of these positive electrodes and a reference electrode composed of 
metallic lithium were soaked in an electrolytic solution having the same composition as the electrolytic solution shown 
in the Example 1 above, and the mole ratio x (the amount of titanium compound to be added) and a discharge capacity 
per unit mass of the positive electrode active material were examined under room temperature (approximately 25 °C). 

• The results are shown in Figs. 5 and 6. It is to be noted that the above-described nine types of positive electrodes 
15 correspond to the positive electrodes employed in the comparative cells X7 and X1 , the cells A4, <A5, A1 , A6, and A7 

of the present invention, and comparative cells X5 and X6, respectively. 

[0061] As seen from Fig. 5, it is recognized that, as the mole ratio x t i.e., the amount of titanium oxide to be added 
. is increased, the discharge capacity tends to decrease. From Fig. 6, it is recognized that when the mole ratio x exceeds 
0.01 , a rate of decreasing in the discharge capacity increases. 
20 ; [0062] It is considered that the results in Figs. 5 and 6 are due to the fact that when the amount of titanium oxide, 
which is not an active material, is increased, an energy density of the positive electrode active material decreases. 
From these results, it will be understood that it is necessary that the amount of titanium oxide to be added (the mole 

• i-ratio x) be within such a range that the energy density of the positive electrode active material is not significantly 
■» ^decreased. 

25 

EXPERIMENT 4 

[0063] Regarding the cells A1 , A4, A5, A6, and A7 of the present invention, and the comparative cells X1 , X5, X6, 
and X7, a discharge capacity of each of the cells was measured at -10 °C and at -20 °C to examine the relationship 
30 of the mole ratio x and the low-temperature discharge characteristics of the cells. The measurement of the discharge 
capacity was performed in the same manner as described in the Experiment 1 above, except that the end-of-discharge 
^voltage was set4o=be-3r1=V. - - 

[0064] The results of the measurement at -10 °C are shown in Figs. 7 and 8, and the results of the measurement at 
i -20 °C are shown in Figs. 9 and 1 0. As apparent from the comparison between Fig. 7 (-1 0 °C) and Fig. 9 (-20 °C), and 
from the comparison between Fig. 8 (-10 °C) and Fig. 10 (-20 °C), no difference was recognized between the patterns 
of the graphs, although the discharge capacities at -20 °C are smaller than those at -1 0 °C. In addition, it was recognized 
.that when the mole ratio x is 0.01 or smaller, the discharge capacity tends to decrease, showing that the results of this 
Experiment 4 are contrary to the results of the above-described Experiment 3 (the results obtained under room tem- 
perature). More specifically, Fig. 6, which depicts the discharge capacities under room temperature, shows that when 
40 the mole ratio x exceeds 0.01 , the discharge capacity per unit mass drops sharply. By contrast, Figs. 7 and 9, which 
: depict the discharge capacities of the cells at -10 °C and at -20 °C respectively, show that when the mole ratio x is in 
the range of 0 to 0.01, the discharge capacity considerably increases, and that when the mole ratio x exceeds 0.02, 
no increase is observed. 

[0065] In addition, in Figs. 8 and 1 0, the discharge capacity under low temperature greatly decreases when the mole 

45 ratio x is less than 1 x 1 0" 5 , and this tendency is more apparent at -20 °C. 

[0066] From the results described thus far, it is understood that, considering the low-temperature discharge charac- 
teristics, the preferable range of the mole ratio x should be in the range of from 0.00001 (1 x 10" 5 ) to 0.02 (2 x 10" 2 ), 
and more preferably, in the range of from 0.00001 to 0.01 (1 x 10" 2 ). When the mole ratio x is in the above range, a 
cell having excellent low-temperature discharge characteristics can be achieved without unnecessarily reducing a 

50 mass energy density. 

[0067] When normal conditions under which portable appliances and the like are used are taken into consideration, 
it is preferable that a discharge capacity of the cell be maintained at least 40 % of the initial capacity (e.g., 480 mAh 
x 0.4 = 192 mAh) in the case of -10 °C, and at least 20 % of the initial capacity (e.g., 480 mAh x 0.2 = 96 mAh) in the 
case of -20 °C. The reason is that, if the degradation of discharge performance of a cell is within such a range as 
55 specified above, portable appliances equipped with the cell will not fail to work immediately by normal fluctuation of 
temperature throughout a year. In Figs. 8 and 1 0, it is understood that a range of a mol ratio x a 0.00001 can satisfy 
this requirement. 

[0068] The low-temp rature discharge charact risticsar sufficiently improved when th mole ratio x is 0.01 or larger, 



8 




EP 0 997 957 B1 

whereas the discharge capacity is reduced, contrary to the cas of room t mperatur (see Fig. 6), when th mol ratio 
. is less than 0.01 . The reason is consider d to b as follows. Under room temp rature, the ionic conductivity of th 

electrolyt is good and, therefor , the effect of a decrease in an energy density per unit mass, caus d by an increas 

in the amount of titanium oxid to b add d, outw ighs the contribution by the titanium oxid in a relativ sens . On 
5 the contrary, under low temperatur , the degree of the film derived from the solvent inhibiting th transf r of electrons 

and ions on the surface of the positive electrode active material is increased, and therefore, the advantageous effects 

by titanium oxide, such that it prevents the film from being formed, improves the ionic conductivity on the surface of 
. the active material, and thereby contributes to an increase in the discharge capacity, outweigh the effect of reducing 

the energy density per unit mass. It is considered to be at a point (branch point) of a mole ratio x = 0.01 or 0.02 that 
10 the degree of an energy density decrease by adding titanium oxide approximately equals to the degree of an actual 

discharge capacity increase by adding titanium oxide. 

EXPERIMENTS 

15 [0069] Various types of cells were prepared with varying a material to be added to lithium cobalt oxide, a solvent for 
the electrolytic solution, and a solute for the electrolytic solution. The cells were preserved at 80 °C for 96 hours, and 
the amount of an internally-generated gas was studied. Tables 1 to 3 below list the conditions of the cell preparation 
«r and the amounts of the generated gas. 
[0070] An electrolytic solution used for this experiment was such that each of the solutes was dissolved with a ratio 

20 - r of 1 mol/liter in a two-component-type mixed solvent of an equal volume of EC and another solvent. For the negative 
electrode, graphite was employed, and other conditions were the same as those in the foregoing Experiment 1 . 



TABLE 1 



25 



Ti0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 




LiBF 4 


LiCI0 4 


Solvent 


EC/DEC 


EC/DEC 


EC/DEC 


EC/DEC 


Amount of Generated Gas 


1.9 ml 


3.7 ml 


3.9 ml 


4.3 ml 


Sn0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DEC 


EC/DEC 


EC/DEC 


EC/DEC 


_Amountof_Generated_Gas_ 


4.1 ml 


4.7 ml 


5.3 ml 


5.8 ml 


Mg0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DEC 


EC/DEC 


EC/DEC 


EC/DEC 


Amount of Generated Gas 


4.7 ml 


5.3 ml 


6.1 ml 


6.8 ml 


No additive 


Solute 


LiN(S0 2 C 2 F5) 2 ' 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DEC 


EC/DEC 


EC/DEC 


EC/DEC 


Amount of Generated Gas 


3.3 ml 


3.7 ml 


4.0 ml 


4.2 ml 



TABLE 2 



45 



50 



55 



Ti0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DMC 


EC/DMC 


EC/DMC 


EC/DMC 


Amount of Generated Gas 


2.3 ml 


5.0 ml 


5.4 ml 


5.8 ml 


Sn0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DMC 


EC/DMC 


EC/DMC 


EC/DMC 


Amount of Generated Gas 


5.6 ml 


6.3 ml 


7.2 ml 


7.8 ml 


Mg0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DMC 


EC/DMC 


EC/DMC 


EC/DMC 


Amount of Generated Gas 


6.1 ml 


6.7 ml 


8.1 ml 


8.6 ml 
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TABLE 2 (continued) 



5 



15 



25 



No additive 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/DMC 


EC/DMC 


EC/DMC 


EC/DMC 


Amount of Generated Gas 


4.5 ml 


4.9 ml 


5.5 ml 


5.8 ml 


TABLE 3 


Ti0 2 added 


Solute 


LiN(S0 2 C 2 F 6 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/EMC 


EC/EMC 


ITS* lr- ii^ 

EC/EMC 


EC/EMC 


Amount of Generated Gas 


2.1 ml 


4.3 ml 


5.0 ml 


5.3 ml 


Sn0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 - 


Solvent 


EC/EMC 


EC/EMC 


EC/EMC 


EC/EMC 


Amount of Generated Gas 


5.4 ml 


5.9 ml 


6.7 ml 


7.4 ml 


Mg0 2 added 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 % 


Solvent 


EC/EMC 


EC/EMC 


EC/EMC 


EC/EMC 


Amount of Generated Gas 


5.6 ml 


6.1 ml 


7.7 ml 


8.1 ml 


No additive 


Solute 


LiN(S0 2 C 2 F 5 ) 2 


LiPF 6 


LiBF 4 


LiCI0 4 


Solvent 


EC/EMC 


EC/EMC 


EC/EMC 


EC/EMC 


Amount of Generated Gas 


4.2 ml 


4.5 ml 


4.9 ml 


5.1 ml 



[0071] As apparent from the above Tables 1 to 3, the formation of gas was recognized in all of the cells, but there 
were significant differences in terms of the degree of the formation of gas. More specifically, in relation to the material 
30 to be added, the amount of the generated gas was such that Ti0 2 ^ no additive < Sn0 2 < Mg0 2 in ascending order. 
From this result, it is understood that Sn0 2 and Mg0 2 serve to increase the amount of the formed gas, whereas Ti0 2 
serves to suppress thTToTmatiort of gas. 

[0072] In relation to the types of solutes, the amount of the generated gas was such that LiN(S0 3 C 2 F 5 )2 < LiPF 6 < 
LiBF 4 < LiCI0 4 in ascending order, irrespective of types of solvents. This indicates that LiN(S0 2 C 2 F 5 ) 2 is preferable 
35 as a solute. 

[0073] In relation to the types of solvents, the amount of the generated gas was such that [EC/DEC] < [EC/DMC] < 
[EC/EMC] in ascending order. This indicates that [EC/DEC] is preferable as a solvent. 

[0074] In summary, a preferable system is such that Ti0 2 is selected as a material to be added, LiN(S0 2 C 2 F 5 ) 2 is 
selected as a solute, and EC/DEC equal volume mixed solvent is selected as a solvent. 
40 [0075] It is noted that although it is not shown in the above Tables 1- 3, the same experiment as described above 
was performed with varying the mole ratio x of the added material to be 0.0001, 0.001, and 0.1. Although the amount 
of the generated gas increased as the mole ratio x was made larger, the results in the relationships with types of 
materials to be added, types of solutes, and types of solvents were confirmed to be the same as shown in the above 
Tables 1- 3. 

45 [0076] From the results as described thus far, it is understood that by employing a titanium-attached lithium cobalt 
oxide (Ti-attached LiCo0 2 ) in which titanium powder or the like is mixed with and attached to lithium cobalt oxide 
powder as a positive electrode active material, it is made possible to produce a cell in which the formation of the internal 
gas is suppressed. Such a 71-attached LiCo0 2 is particularly useful as a positive electrode active material for use in a 
thin type sealed cell employing a laminated container. Such a laminated container is flexible and has a small strength 

50 against internal pressure, and therefore tends to induce such problems that it is easily expanded or deformed when 
an internal gas is formed in the cell, and that the sealing performance is deteriorated, causing a leakage of the electrolyte 
and so forth. However, when a positive electrode active material composed of Ti-attached LiCo0 2 is employed, the 
amount of the internally-generated gas is greatly reduced, and hence no such problems are induced. 

55 EXAMPLE 8 

[0077] In this Example 8, a cell B of th pr s nt invention was prepared by employing a gel type polymer lectrolyte 
for the electrolyte, and a laminat d container as the cell case. The other conditions were the sam as in thos of the 
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for going Example 1. Then, the discharge characteristics of the cell B was examined in th same manner as in the 
foregoing Experiment 1. 

[0078] The preparation of th cell B was p rformed in the following manner. A positive electrode having the same 
configuration as that of the for going Example 1 (the mole ratio x = 0.01) and a negative electrode having th same 

5 construction as that of Example 1 wer pr par d. Then, the positive and negative electrodes wer wound with a porous 
polyethylene sandwiched between the positive and negative electrodes, and thus a power-generating component was 
formed. The power-generating component was inserted into a laminated container, and the container was filled with a 
pre-gel solution. For the pre-gel solution, polyethyleneglycoldiacrylate (molecular weight: 1000) was mixed with a so- 
lution in which LiPF 6 was added with a ratio of 1 mol/liter to a mixed solvent of an equal-volume of EC and DEC, so 

10 that a mass ratio of the polyethyleneglycoldiacrylate and the solution is 1:10, and then 5000 ppm of t-hexylperox- 
ypivalate as a polymerization initiator was added thereto. Thereafter, 3 ml of the pre-gel solution thus prepared was 
filled into the laminated container, and then heat-treated at 60 °C for 3 hours to cure. 

COMPARATIVE EXAMPLE 8 

15 

[0079] A comparative cell Y of Comparative Example 8 was prepared in the same manner as in the above Example 
8 except that a lithium cobalt oxide in which no titanium oxide powder is mixed was employed as the positive electrode 
active material. 

20 EXPERIMENT 6 

[0080] The cell B of the present invention and the comparative cell Y were subjected to constant current charge and 
discharge tests under temperatures of -20 °C, -10 °C, 0 °C, and 25 °C. The results are shown in Fig. 11. The same 
conditions of the charging and discharging as in the foregoing Experiment 1 were employed. 
25 [0081] As apparent from Fig. 11, in the comparative cell Y, as the temperature decreases, the cell voltage and the 
discharge capacity greatly declined, compared to the cell B of the present invention. In a low temperature range of -10 
°C or below, the difference between the two cells was rendered more apparent. 

[0082] This result seems to be attributed to the following. Generally, when a temperature goes down, ionic conduc- 
* • - tivity of the electrolyte is degraded. In particular, in the case where a film is formed at the interface between the active 
30 material and the electrolyte, transfer of electrons is thereby inhibited, causing a significant degradation in the discharge 

characteristics. This tendency is more apparent in the case of gel type solid electrolytes, since the gel type solid elec- 

trolytisnix^ibif lower i<^ 

i cobalt oxide in which titanium oxide power is attached, titanium particles present in a region adjacent to a surface of 
a lithium cobalt oxide particle serves to inhibit the formation of the film, and therefore, the transfer of electrons at the 
35 interface is performed more smoothly in comparison with the cell Y. As a result, the cell B achieves excellent low- 
temperature discharge characteristics. 

[0083] As has been described thus far, the present invention achieves a cell having a high working voltage, as well 
r as such advantageous effects as improved characteristics under low temperature, increased safety, reduction of the 
internal gas generation. 

40 [0084] It is to be noted that, although graphite or coke was employed as a negative electrode active material in the 
above-described examples 1 through 8, the negative electrode active material usable in the present invention is not 
limited thereto. For example, carbonaceous materials capable of absorbing and releasing lithium ions, lithium metals, 
. lithium alloys, and the like may also be employed. 
[0085] In addition, the solvent of the electrolytic solution is not limited to the solvents mentioned above, but many 

45 other solvents may be used. An example for such solvents is a solvent in which ethylene carbonate is mixed at an 
appropriate ratio with a solvent having a low viscosity and a low boiling point such as dimethyl carbonate, methyl ethyl 
carbonate, tetrahydrofuran, 1 ,2-dimethoxyethan, 1 ,3-dioxolane, 2-methoxytetrahydrofuran, diethyl ether, and the like. 
[0086] Further, for the solute in the electrolyte, LiN(S0 2 C 2 F 5 )2, LiAsF 6 , LiCI0 4 , LiBF 4 , LiCF 3 S0 3 , and the like may 
be used other than LiPF 6 mentioned hereinbefore. 

50 [0087] In addition, the examples for the gel-like solid polymer include, other than the polyethyleneglycoldiacrylate 
mentioned hereinbefore, a polyether type solid polymer, a polycarbonate type solid polymer, a polyacrylonitrile type 
solid polymer, a copolymer comprising two or more of these polymers, polymer materials having a bridged structure, 
a fluoride type solid polymer such as polyvinyl idene fluoride, and the like, and these materials may be used in combi- 
nation with a lithium salt and an electrolytic solution. 

55 [0088] Although the present invention and its advantages have been described in detail by way of example, it should 
be understood that various changes, modifications, and alterations can be mad herein without departing from the 
scope of the invention as defined by the app nded claims. 
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Claims 

1. A non-aqueous electrolyte c II comprising in a c II case a positive electrode having a positiv I ctrode activ 
material composed of a lithium cobalt oxide, a negative lectrod , and an electrolyt comprising a non-aqueous 

5 solvent, 

the positive electrode active material comprising a Ti-attached lithium cobalt oxide (LiCo0 2 ) in which a particle 
of a titanium and/or a titanium compound is attached on a surface of a particle of the lithium cobalt oxide. 

2. A non-aqueous electrolyte cell according to claim 1 , in which a mole ratio of the titanium and/or the titanium corn- 
to pound in the Ti-attached LiCo0 2 is within the range of from 0.00001 to 0.2. 

3. A non-aqueous electrolyte cell according to claim 1 or 2, in which a mole ratio of the titanium and/or the titanium 
compound in the Ti-attached LiCo0 2 is within the range of from 0.00001 to 0.01. 

15 4. A non-aqueous electrolyte cell according to claim 1, 2 or 3, in which the titanium compound is a titanium oxide 
and/or a lithium-titanium complex oxide. 

5. A non-aqueous electrolyte cell according to any preceding claim, in which the non-aqueous solute is a mixed 
solvent comprising ethylene carbonate. 

20 

6. A non-aqueous electrolyte cell according to any preceding claim, in which the electrolyte contains an imide salt 
represented by the structural formula LiN(S0 2 C 2 F5)2. 

7. A non-aqueous electrolyte cell according to any preceding claim, in which the non-aqueous solvent is a mixed 
25 solvent containing ethylene carbonate and diethyl carbonate. 

8. A non-aqueous electrolyte cell according to any preceding claim, in which the electrolyte comprising the non- 
aqueous solvent is a gel type solid polymer electrolyte. 

30 9. a non-aqueous electrolyte cell according to any preceding claim, in which the cell case is composed of a laminated 
material in which an aluminium film and a resin film are layered. 



10. A non-aqueous electrolyte cell according to any preceding claim, in which the negative electrode active material 
is a graphite capable of absorbing and releasing lithium ions. 

35 

11. A method of producing a non-aqueous electrolyte cell comprising in a cell case a positive electrode having a 
positive electrode active material composed of a lithium cobalt oxide, a negative electrode, and an electrolyte 
comprising a non-aqueous solvent, the method comprising the step of: 

producing a positive electrode active material by preparing a Ti-attached lithium cobalt oxide in which a 
40 titanium oxide particle and/or a metallic titanium particle is attached on a surface of a lithium cobalt oxide particle, 

such that a lithium cobalt oxide powder is mixed with a titanium oxide powder and/or a metallic titanium powdery 
and thereafter the mixture is baked. 

12. A method according to claim 11, in which lithium-titanium complex oxide is used in place of the titanium oxide 
45 powder and/or metallic titanium powder. 

13. A method according to claim 11 or12, in which the step of preparing the positive electrode active material comprises 
the steps of: 

so preparing a titanium-compound-mixed cobalt oxide by baking a cobalt oxide powder and at least one of a 

titanium oxide powder and a metallic titanium powder, 

crushing and grinding the titanium-compound-mixed cobalt oxide into a powdered state, 

55 preparing a reattached lithium cobalt oxide in which a particle of titanium oxide and/or metallic titanium is 

attached on a surface of each lithium cobalt oxide particle, by mixing the powdered titanium-compound-mixed 
cobalt oxide with at least one lithium compound selected from th group consisting of lithium hydroxide, lithium 
carbonate, and lithium nitrate, and then baking the mixture. 
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PatentansprUche 

1. Zelle mit nichtwassrigem Elektrolyt, di in einem ZellengehSuse ine positiv El ktrode mit einem aus Lithiumko- 
baltoxidb stehenden aktiv n Etektrod n material, ein negativ Elektrode und einen ein nichtwassriges Ldsungs- 
mittel enthaltenden Elektrolyt umfafit, 

wobei das aktive Material der positiven Elektrode ein an T1 gebundenes Lithiumkobaltoxid (LiCo0 2 ) enthait, in dem 
ein Titanpartikel und/oderein Partikel einer Titanverbindung an einer Oberfl§che eines Lithiumkobaltoxid-Partikels 
angebunden ist. 

2. Zelle mit nichtwassrigem Elektrolyt nach Anspruch 1 , wobei das Mol-Verhaltnis des Titans und/oder der Titanver- 
bindung in dem an Ti gebundenen LiCo0 2 im Bereich von 0,00001 bis 0,2 liegt. 

3. Zelle mit nichtwassrigem Elektrolyt nach Anspruch 1 oder 2, wobei das Mol-Verhaltnis des Titans und/oder der 
Titanverbindung in dem an Tt gebundenen LiCo0 2 im Bereich von 0,00001 bis 0,01 liegt. 

4. Zelle mit nichtwassrigem Elektrolyt nach Anspruch 1, 2 oder 3, wobei die Titanverbindung aus einem Titanoxid 
und/oder einem Lithium-Tltan-Komplex-Oxid besteht. 

5. Zelle mit nichtwassrigem Elektrolyt nach einem der vorhergehenden Ansprilche, wobei der nichtwassrige geldste 
Stoff aus einem Athylenkarbonat enthaltenden gemischten Ldsungsmittel besteht. 

6. Zelle mit nichtwassrigem Elektrolyt nach einem der vorhergehenden AnsprOche, wobei der Elektrolyt ein durch 
die Strukturformel LiN(S0 2 C 2 F 5 )2 wiedergegebenes Imid-Salz enthait. 

7. Zelle mit nichtwassrigem Elektrolyt nach einem der vorhergehenden Ansprilche, wobei das nichtwassrige Ld- 
sungsmittel aus einem Athylenkarbonat und Diathlykarbonat enthaltenden gemischten Ldsungsmittel besteht. 

8. Zelle mit nichtwassrigem Elektrolyt nach einem der vorhergehenden AnsprOche, wobei es sich bei dem das nicht- 
wassrige Ldsungsmittel enthaltenden Elektrolyt urn einen Pestpolymerelektrolyt vom Gel-Typ handelt. 

9. Zelle mit nichtwassrigem Elektrolyt nach einem der vorhergehenden AnsprOche, wobei das Zellengehduse aus 
einem Verbundmateriarbeste^ 

10. Zelle mit nichtwassrigem Elektrolyt nach einem der vorhergehenden AnsprOche, wobei als aktives Material der 
negativen Elektrode Graphit dient, das in der Lage ist, Lithium-lonen zu absorbieren und freizusetzen. 

11. Verfahren zur Herstellung einer Zelle mit nichtwassrigem Elektrolyt, welche in einem Zellengehause eine positive 
Elektrode mit einem aus Lithiumkobaltoxid bestehenden aktiven Elektroden material, eine negative Elektrode und 
einen ein nichtwassriges Ldsungsmittel enthaltenden Elektrolyt umfaRt, wobei das Verfahren die folgenden Ver- 
fahrensschritte enthait: 

Erzeugen eines aktiven Materials einer positiven Elektrode durch Gewinnung eines an Ti gebundenen Lithiumko- 
baitoxids, in dem ein Titanoxid partikel und/oder ein metallischer Titanpartikel an eine Oberflache eines Lithium- 
kobaltoxidpartikels angebunden ist, indem ein Lithiumkobaltoxidpulver mit einem Titanoxidpulver und/oder einem 
metallischen Titanpulver vermischt und daraufhin das Gemisch gebacken wird. 

12. Verfahren nach Anspruch 11, wobei Lithium-Titan-Komplex-Oxid anstelle des Titanoxidpulvers und/oder des me- 
tallischen Titan pu Ivers verwendet wird. 

13. Verfahren nach Anspruch 11 oder 12, wobei der Schritt der Gewinnung des aktiven Materials der positiven Elek- 
trode die folgenden Verfahrensschritte umfafit: 

- Gewinnen eines mit einer Titanverbindung vermischten Kobaltoxids durch Backen eines Kobaltoxidpulvers 
zusammen mit einem Titanoxidpulver und/oder einem metallischen Titanpulver; 

- Zerkleinern und Zermahlen des mit einer Titanverbindung vermischten Kobaltoxids, bis dieses einen pulveri- 
siert nZustand rr icht, 

Gewinnen eines an Ti gebundenen Lithiumkobaltoxids, in dem ein Titanoxid partik I und/oder ein metallischer 



13 




EP 0 997 957 B1 



Titanpartikel an einer OberflSch ein s jeden Lithium kobaltoxidpartikels angebundenen ist, durch Mischen 
des pulverisierten, mit einer Titanverbindung vermischten Kobaltoxids mit wenigstens einer aus einer Lithi- 
umhydroxid, Lithiumkarbonat und Lithiumnitrat umfassenden Grupp ausgewShlten Lithiumverbindung und 
darauffolgendes Backen d s Gemisches. 



Revendications 

1. Element d'accumulateur a electrolyte non aqueux comprenant dans un boTtier d'accumulateur une electrode po- 
10 sitive comportant un materiau actif d'electrode positive compos6 d'oxyde de cobalt et de lithium, une electrode 

negative, et un electrolyte comprenant un solvant non aqueux, 

le materiau actif d'electrode positive comprenant un oxyde de cobalt et de lithium (LiCo0 2 ) d Tl-fixe dans 
lequel une particule de titane ou d'un compose de titane est fixee sur une surface d'une particule de I'oxyde de 
cobalt et de lithium. 

15 

2. Element d'accumulateur a electrolyte non aqueux selon la revendication 1 , dans lequel un rapport molaire du titane 
et/ou du compose de titane dans le (LiCo0 2 ) £ Ti-fixe se situe dans I'intervalle compris entre 0,00001 et 0,2. 

3. Element d'accumulateur a electrolyte non aqueux selon la revendication 1 ou 2, dans lequel un rapport molaire 
20 du titane et/ou du compose de titane dans le (LiCoO z ) a Ti-fixe se situe dans I'intervalle compris entre 0,00001 et 

0,01. 

4. Element d'accumulateur a electrolyte non aqueux selon la revendication 1, 2 ou 3, dans lequel le compose de 
titane est un oxyde de titane et/ou un oxyde complexe de lithium et de titane. 

25 

5. Element d'accumulateur a electrolyte non aqueux selon I'une quelconque des revendications precedentes, dans 
lequel le solute non aqueux est un solvant melange comprenant du carbonate d'ethylene. 

6. Element d'accumulateur a electrolyte non aqueux selon I'une quelconque des revendications precedentes, dans 
30 lequel I'electrolyte contient un sel d'imide represents par la formule structurelle LiNfSO^Fgfe. 
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-7.=-Element d?accumulateur-a=electrolyte non aqueux selon I'une quelconque des revendications precedentesrdans= 
lequel le solvant non aqueux est un solvant melange contenant du carbonate d'ethylene et du carbonate de die- 
thyls 

8. Element d'accumulateur a electrolyte non aqueux selon I'une quelconque des revendications precedentes, dans 
lequel I'electrolyte comprenant le solvant non aqueux est un electrolyte polymere solide de type gel. 

•i 9. Element d'accumulateur a electrolyte non aqueux selon I'une quelconque des revendications precedentes, dans 
40 lequel le boTtier d'accumulateur est compose d'un materiau lamifie dans lequel un film d'aluminium et un film d'une 

resine sont deposes en couches. 

10. Element d'accumulateur a electrolyte non aqueux selon I'une quelconque des revendications precedentes, dans 
lequel le materiau actif de I'electrode negative est un graphite susceptible d'absorber et de liberer des ions lithium. 

45 

11. Precede de production d'un element d'accumulateur a electrolyte non aqueux comprenant dans un boTtier d'ac- 
cumulateur une electrode positive comportant un materiau actif d'electrode positive compose d'oxyde de cobalt 
et de lithium, une electrode negative, et un electrolyte comprenant un solvant non aqueux, le procede comprenant 
I'etape consistant a : 

50 produire un materiau actif d'electrode positive en preparant un oxyde de cobalt et de lithium a Ti-fixe dans 

lequel une particule d'oxyde de titane et/ou une particule de titane metallique est fixee sur une surface d'une 
particule d'oxyde de cobalt et de lithium, de telle facon qu'une poudre d'oxyde de cobalt et de lithium est melangee 
avec une poudre d'oxyde de titane et/ou une poudre de titane metallique ; apres quoi le melange est soumis a 
une cuisson. 
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12. Procede selon la revendication 11, dans lequel a la place de la poudre d'oxyde de titan et/ou d la poudr de 
titane metallique on utilise un oxyd complex de lithium et de titane. 
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13. Proc6d6 selon la r vendication 11 ou 12, dans lequel l'6tap de preparation du materiau actif d'6lectrode positiv 
comprend les stapes consistant a : 

preparer un oxyde de cobalt melange a un compose de titane par cuisson d'une poudre d'oxyde de cobalt et 
5 d'au moins, soit une poudr d'oxyde de titan , soit une poudre d titane metallique, 

ecraser et broyer I'oxyde de cobalt melange a un compose de titane pour le reduire en poudre, 
preparer un oxyde de cobalt et de lithium a Ti-fixe dans lequel une particule d'oxyde de titane et/ou de titane 
metallique est fixee sur une surface de chaque particule d'oxyde de cobalt et de lithium, en meiangeant i'oxyde 
de cobalt en poudre melange au compose de titane avec au moins un compose de lithium choisi parmi le 
10 groupe comprenant I'hydroxyde de lithium, le carbonate de lithium, et le nitrate de lithium, et en soumettant 

alors le melange a une cuisson. 
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